Nickel and copper are metals that appear together, or alone, in many real samples. Monel (68% Ni, 32% Cu, traces of Mn and Fe) is used in an apparatus for handling corrosive materials, such as F2; cupro-nickels (up to 80% Cu) are used for silver coinage and invar, which has a very small coefficient of expansion, are the other well-known Ni containing alloys. The stainless-steel industry is the largest user of nickel, both in the primary and recycled forms.
Several techniques, such as polarography, 3 high-performance liquid chromatography, 4 atomic-absorption spectrometry, 5 ICP-AES, 6 floatation-electrothermal atomic-absorption spectrometry, 7 chemometrics based methods, 8, 9 spectrophotometric methods in micellar media 10 or after preconcentration using low-meltingpoint extractants, 11 have been applied for the simultaneous determination of Cu 2+ and Ni 2+ ions in different samples. Among the most widely used analytical methods are those based on UV-visible spectrophotometry, due to both the resulting experimental rapidity, simplicity and wide applications.
Bosch Reig and Campins-Falco developed a method, called the H-point standard addition method (HPSAM). 12 In this dualwavelength spectrophotometry, two standard-addition curves at two selected wavelengths are constructed. The standard addition method has been presented to remove the matrix effects of samples with no elimination of constant spectral interferences of the components of the sample, but HPSAM transforms the incorrigible error to a constant systematic error. The error can then be estimated and corrected. The method has been applied to remove the blank bias error due to the use of an absorbent blank, 13 to liquid chromatography 14 and to the analysis of kinetic data, 12, 15, 16 with time as an additional variable. Further studies have shown high versatilities and applicabilities of the method. [17] [18] [19] In this work, a selective H-point standard addition method has been developed for the simultaneous determination of copper and nickel. This determination was performed in a Tween 80 aqueous micellar solution using PAN as a chromogenic complexing agent at a low pH (1.89). The obtained selectivity was due to the low pH used, the buffer type and a mixture of masking agents that were added according to the recommended procedure.
Experimental

Reagents and chemicals
Polyoxyethylene(10)Octylphenyl Ether (Triton X-100), Polyoxyethylene (20) 
Results and Discussion
Optimization of variables
The effects of various parameters on the sensitivity and spectral characteristics of PAN complexes of nickel and copper were investigated by using a one at a time optimization method. One of the most important parameters is the pH. Experiments at various pHs showed that spectra of PAN and the Cu-PAN complex were dependent on the pH, but the Ni-PAN spectrum was approximately independent of the pH in the tested range. The spectral characteristics are given in Table 1 . The shape of the absorption spectra, the maximum wavelengths and the apparent molar absorptivities changed when the pH was varied from 3.29 to 2.09 for copper and nickel. The shape and maximum wavelengths of the spectra of copper and nickel complexes were not changed at pH values lower than 2.09. Also, according to the results the molar absorptivities of the Cu-PAN and Ni-PAN complexes were decreased when the pH was lowered. The selectivity of the simultaneous determination is the most important parameter. Therefore, a determination at low pH is favored. According to the results, a pH of 1.89 was selected for the following studies.
Various micellizing agents, such as Tween 80, Triton X-100 and SDS, were tested as solubilizing agents. After the spectra were recorded, the sensitivity and stability of the copper and nickel complexes formed were considered. In SDS solutions, low sensitivity for copper and nickel determination and low solubility for Ni-PAN complex were observed. Nonionic micelles are often preferred to anionic micelles for the determination of metal ions because the attractive forces between the negative head of the micelles and the positive charge of the metal ions cause a lower apparent formation constant between metal ions and ligands. 22 Although Tween 80 and Triton X-100 showed the same stability and sensitivity results, for further studies Tween 80 was selected as the working micellizing agent.
Optimization of the other parameters, such as the PAN and Tween 80 concentrations, was performed for copper at 555 nm and for nickel at 569 nm, spectrophotometrically. Based on the obtained results, PAN and Tween 80 concentrations of 0.02% and 3.2% were selected for further studies, respectively.
Sodium chloride and sodium nitrate as ionic buffers were tolerated in the range of 0.00 -0.55 mmol cm -3 , but no considerable differences on the sensitivity were observed. Figure 1 shows the absorbance spectra of the PAN complexes of copper and nickel in Tween 80 media. When copper is selected as the analyte, many pairs of wavelengths where they show the same absorbances for nickel complex are possible. In the selection of one pair of wavelengths for obtaining good accuracy, the absorbance differences at the two wavelengths for the copper complex must be considered to be as high as possible. Based on the absorbance spectra of the nickel and copper complexes, one of the best pairs of wavelengths are 548 and 579 nm. At these wavelengths, nearly the greatest sensitivity differences are attainable. In Fig. 2 , the simultaneous determination of copper and nickel is presented by adding standard solutions of copper using the selected wavelengths.
Absorption spectra
Applicability of the HPSAM method
Several experiments for evaluating HPSAM on the simultaneous determination of copper and nickel in a series of samples containing a fixed amount of copper in the presence of various amounts of nickel (Fig. 3) or a fixed amount of nickel in the presence of various amounts of copper (Fig. 4) were carried out by the addition of copper standard solutions. The results show that the copper and nickel contents in the samples were determined accurately. Therefore, the applicability of the proposed procedure to determine copper and nickel has been clarified.
Analysis of copper-nickel binary mixtures
Known amounts of copper and nickel were determined to assess the proposed method. The accuracies and precisions are shown in Table 2 . According to the obtained results, the applicability of the method for the simultaneous determination of copper and nickel in their binary mixtures is apparent.
Interference study
The effects of the concentrations of foreign ions on the determination of 5.0 µg of copper and 5.0 µg of nickel in a mixture were studied. An ion was considered to be an interferent, when a concentration error was produced equal to, or more than, ± 3 × S (S is standard deviation of five replicate determination of 5.0 µg of copper or 5.0 µg of nickel in a mixture). Interferences of Co on the determination of Ni and Cu were removed by adding the following step to the recommended procedure: after the addition one drop of 0.1 mmol cm -3 ammonia, 1 cm 3 of 0.03 mmol cm -3 α-benzilmonoxime in ethanol and then the other mentioned reagents were added, consecutively. Under this circumstance, Co as yellow-colored Co 3+ -α-benzilmonoximate 23 was not able to complex with PAN. To correct for the absorbances of Co 3+ -α-benzilmonoximate, the absorbances of a blank in the absence of PAN and added standard solutions of Cu 2+ must be subtracted from the absorbances of all the solutions. By using this blank correction procedure, interferences of up to 15-times that of cobalt were removed. According to these results, satisfactory selectivity was observed for the method. The obtained results are presented in Table 3 .
Application
Some synthetic samples according to the composition of some industrial alloys as well as some alloys for presenting the applicability of the introduced procedure on the simultaneous determination of nickel and copper were examined (Table 4) .
About 0.1 g of every alloy mentioned in Table 4 was digested in a 20 cm 3 solution of a mixture containing concentrated nitric and hydrochloric acid (15+5) by heating on a hot plate. After digestion, heating was continued untill near dryness of the solution. After the addition of 10 cm 3 water, the solution was neutralized with dilute sodium hydroxide and adjusted to 100.0 cm 3 in a volumetric flask. After appropriate dilution, an analysis of the solution was performed using the recommended procedure. According to the results, the proposed method can be applied to the analysis some of industrial Ni-Cu alloys in an accurate and precise manner.
For the analysis of water samples, 0.50 cm 3 of standard nickel and copper solutions were spiked into a 10 cm 3 flask together with 2 cm 3 of water samples; the nickel and copper contents were then analyzed by the proposed HPSAM procedure (Table 5) .
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